Protoplasts isolated from the cells of higher plants provide a novel system for studying the mechanism of ion transport. The removal of the cell wall eliminates the confounding effects of ion exchange properties of the cell wall on ion adsorption and allows direct access to the plasmalemma. In addition the methods used in studying ion transport become simplified because the protoplasts can be treated as single cells instead of as complex tissues. An important assumption that has some support (13, 14, 17) , is that enzymic removal of the cell wall does not significantly alter the transport properties of the protoplast.
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Protoplasts isolated from the cells of higher plants provide a novel system for studying the mechanism of ion transport. The removal of the cell wall eliminates the confounding effects of ion exchange properties of the cell wall on ion adsorption and allows direct access to the plasmalemma. In addition the methods used in studying ion transport become simplified because the protoplasts can be treated as single cells instead of as complex tissues. An important assumption that has some support (13, 14, 17) , is that enzymic removal of the cell wall does not significantly alter the transport properties of the protoplast.
The membrane potential provides a sensitive index of cell condition with respect to ion transport (6) . An immediate problem that occurs in using microelectrodes to measure the membrane potential in isolated plant protoplasts is that a method must be provided to hold the protoplast steady so that impalement can be achieved. Recently, two methods ofcell immobilization have been utilized: one by Racusen et al. (15) Memrane Potential Measurements. A schematic diagram of the apparatus used to measure the membrane potential in isolated plant protoplasts and free suspension cells is presented in Figure   1 . The isolated plant protoplast (or suspension cell) was held by means of a suction micropipette controlled by a micromanipulator (Narishige, Japan). Suction was provided by a small syringe. The measurement of the membrane electrical potential difference utilized standard techniques (8) To construct the suction micropipette, the tip of a microelectrode was carefully broken under a high power light microscope. The broken electrode tip was then flared and fire-polished by passing it in and out of a hot electrical element coil.
When membrane potentials were measured in 0.7% agar, protoplasts were plated into a 3.5-cm plastic Petri dish. The membrane potential was recorded by impaling protoplasts embedded in agar directly in the Petri dish.
Applation of Metabolic Inhibitor. KCN (1.0 mM) was applied to the medium surrounding isolated protoplasts and suspension cells by allowing a volume of 1.0 mm KCN solution to pass down the outside of the suction micropipette ( Fig. 1) There was no significant difference between the membrane potential ofprotoplasts and the cells from which they were isolated when the measurement was performed on cells in solution using a suction micropipette (Table I ). When 0.1 mm KCN was supplied to tobacco cells or protoplasts in solution and the membrane potential measured using the suction micropipette technique, a depolarization of the resting potential occurred (Fig. 2) . For liquid suspension cells the depolarization represented a potential drop from -41 to -13 mv and for protoplasts, -40 to -5 mv (Fig. 2) . These results constitute strong evidence for a metabolically driven component of the measured electrical potential difference (9) in both intact cells and isolated protoplasts of tobacco.
It is apparent from Figure 2 that the rates of depolarization with KCN for both cells and protoplasts were slower than the rates reported for other plant cells (1, 2, 11) . This was a function of the technique used to apply the inhibitor to the cell and not a characteristic of the depolarization. The inhibitor was applied MEMBRANE POTENTIAL OF PROTOPLASTS slowly down the surface of the suction micropipette to prevent the impaled cell from being washed free from the recording electrode. The diffusion rate of KCN as it entered the solution near the tip of the suction micropipette was rate limiting so that the time course of depolarization was more gradual. The time course of depolarization was still far too rapid to be caused by the running down of a cation diffusion potential resulting from decreased internal ion concentration associated with KCN-induced inhibition of active fluxes (4) .
The concentration of K+ in the external medium can affect the membrane potential in plant cells (5, 10) . The addition of KCI did not reproduce the depolarization of the membrane potential for isolated protoplasts observed with KCN (Fig. 3) . Figure 3 Impalement of intact tobacco cells embedded in 0.7% agar was not achieved because the coarser electrodes used in agar tended to push the cell rather than to penetrate the cell wall. The viscosity of the agar was not sufficient to "hold" the cell firmly enough for impalement.
Attempts to impale protoplasts that were embedded in 0.7% agar gave an average electrical potential difference of +10 3 mv (inside positive). This value is in agreement with values found by Racusen et al. (15) for protoplasts isolated from various cells and embedded in 0.7% agar.
The positive potential measured for isolated protoplasts in agar is in marked contrast to the negative potential observed for the same cells in solution. The explanation for this difference is not known for sure, but the disparity may be related to the fact that impalement of cells in agar was difficult to achieve. It is quite possible that pushing the recording electrode against the plasma membrane of the relatively flaccid protoplast could give the appearance of impalement without actually penetrating into the interior of the cell. The positive potential recorded may be a function ofsome surface electrical phenomenon. This explanation may not account for the positive potentials observed by others for isolated plant protoplasts (7, 12, 15, 16 (Table I) , and had little effect on the membrane potential of Elodea leaf cells (Table  II) . At no time was a positive membrane potential observed in response to plasmolysis.
GENERAL DISCUSSION
The membrane potential for protoplasts isolated from suspension-cultured cells of tobacco was about -50 mv (inside negative) when measured for cells held fast by a suction micropipette in solution. This value did not differ significantly from the membrane potential of the suspension-cultured cells from which the protoplasts were isolated (Table I ). The membrane potential of both intact tobacco cells and isolated protoplasts was depolarized to a similar extent by KCN (Figs. 2 and 3) . These results support the view (13, 14) that enzymic removal of the cell wall produced no significant alteration in the transport properties of tobacco protoplasts.
The potential difference of about -50 mv observed here for tobacco cells in solution is smaller than the range of potential (12) and sycamore (7, 16 (Table I) confirm the findings of Rubinstein (17) who used the equilibrium distribution of a permeant cation to estimate a Nernst potential of -62 mv for oat leaf protoplasts. However, these results are in marked contrast to those of others who reported positive potentials for protoplasts isolated from various tissues and suspended in solution (7, 16) or in agar (12, 15) . We have no explanation for this qualitative difference. The one instance where we measured a positive potential for isolated protoplasts was in agar (Table I) , and for reasons discussed earlier, we concluded that the positive potential was an artifact probably associated with a surface electrical phenomenon. We also suspect that the positive potential recorded here for tobacco protoplasts in agar was an artifact because such a change in cell polarity would be expected to alter dramatically the transport properties of the protoplast, but this is not the case (13, 14) . The report that plasmolysis induces depolarization of the membrane potential to positive values (15) was not confirmed (Table II) .
